INTRODUCTION
Rutherford backscattering spectroscopy and channeling (RBS/C) is a well established technique [1] [2] [3] [4] to determine the nature and the concentration of crystal imperfections. Ion channeling can in fact be used to locate the defects in a crystal lattice. Recently it has widely been used to measure the lattice strains present in technologically important structures like strained layer superlattices (SLS) [5] [6] [7] [8] . SLS have been of unique interest due to their ability to tune the bandgap, which depends on the strain at the interface. Therefore the strain measurements at the interface are of great interest. RBS/C has been employed to measure such strains by several researchers because it is a direct and depth resolved method.
In RBS/C, one can find the axis direction by experimentally plotting the back scattered yield versus the sample tilt angle (called angular scan). Strain measurements are based on the determination of the direction of the off-normal axis of strained layer, which is shifted with respect to that of substrate. This small shift ( ¢ ¡ ) between epilayer and the substrate gives a measure of strain ( ¢ ¡ /sin RBS/channeling depends on sharpness of the angular scan. The FWHM of this curve is directly related to the channeling critical angle which has one over square root relation to the incident energy. Hence the angular scans will be sharp in high energy channeling thereby the strain resolution and the sensitivity of the method are improved [6] [7] [8] . If the energy is too low then
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the results are mislead by steering effect due to the broad critical angles [6, 9] . In high energy case, heavy ions can be used for a reasonably high scattering cross-section and also to avoid the possible nuclear reactions. However there are two major difficulties with high energy heavy ion channeling. First of all the alignment becomes difficult due to small critical angle. The other difficulty is to minimize the radiation damage. One can address to both of these problems up to a considerable extent by using an automated program for aligning the sample and also for collecting necessary spectra on an integrated control and data acquisition system. Radiation damage can be minimized by keeping low fluence. A large area position sensitive telescopic detector has also been developed and installed on the goniometer chamber at NSC, New Delhi. The use of this detector in conjunction with ERDA (Elastic Recoil Detection Analysis) will improve the measurement quality because of the higher recoil cross-sections and Z -identification. Presently the system is ready for such an experiment but the present experiment is performed with small usual SSBDs (Surface barrier detector) only. Irradiation time has been greatly reduced by using the currently developed automated system and also by using a separate detector at forward angles for alignment process. Following sections describe the development, operation and results obtained using this facility in detail.
DEVELOPMENT AND OPERATION OF THE FACILITY
An automated high energy channeling facility has been developed at Nuclear Science Center, New Delhi, using the existing goniometer (HV). A sample holder has been made using G10 with spring ball locking system. The goniometer sample ladder has six degrees of freedom of which three are translational and the other three are rotational (R1, R2 & tilt). o ) lies in the scattering plane and is perpendicular to beam directions. All these rotations can be controlled remotely using the stepper motor controls provided with the goniometer. Suitable software and hardware have been developed to control this precision goniometer using the CAMAC based data acquisition system.
Compatible software routines are written in C ++ to integrate the existing data acquisition system (Freedom [10] ) with the goniometer control. A CAMAC module has been designed and installed to instruct the stepper motor controls through data acquisition system. Any or all of the rotors can be initialized to their lower limits using the "Initialize" command. At a given time only one rotor can be operated while the other two can be initialized if required. Every time, the active rotor will first be initialized to its lower limit and then it will reach to the specified initial value. This method is used to avoid the possible backlash and also to keep the reference of rotor position during the power failure. Once initialized, the rotor will reach the final value in a given number of steps. Required spectra will be collected at each angle (step) for a given amount of time. At every interval the incident current will also be recorded using a CAMAC based Scalar module which is normally inputted by a digital current integrator. The program will also draw the online normalized angular scan corresponding to a given energy window. However the normalization is only optional. The program is user friendly and all inputs can be fed through popup windows. All the data can be saved event by event in list mode configuration. Offline routines have also been developed to obtain the angular scans from different energy windows depending on the requirements. We have followed the standard polar chart method [1] to locate the required axis. Fig.  1a shows some scans recorded while searching for planar dips as a part of alignment process. 
RESULTS AND CONCLUSION
The "automated high energy channeling facility" has been tested and found to be working consistently. The facility has been checked three times in three different runs. Here we present some of the results obtained using this facility. Fig.2 shows the angular scans obtained from different samples. Reasonably good reduction is obtained from the scans that are performed on epilayers. They are either fitted by Gaussian or second order polynomial functions [6] . The strain value (¡ t = 0.4%) obtained from Fig. 2a i.e for the 250 A o sample turns out to be less when compared to that of the expected value (~ 0.9%). This may be caused due to irradiation effect during the alignment process. The ion irradiation causes ion beam mixing and will reduce the strain in the layer [8] .
Hence for the other samples we took angular scans on the fresh spot just by shifting the beam position by 1 or 2mm vertically (or horizontally) after axis is found. Very small but fine search is sufficient to remap the axis if it is missed due to the above mentioned linear motion. Fig. 2b shows the angular scans obtained on a fresh spot (unirradiated portion) of 400A o sample. The strain value obtained from the measured angular misalignment is still less (0.56%) when compared to that of the expected value but is comparable (~7%) with earlier results [6] . Fig. 2c shows the angular scan obtained from the fresh spot of 100A o sample. Considerable asymmetry is observed in this angular scan. The yield goes down on the lower angle side when compared to that of the higher angle side. However the angular scan measured in the same energy window of the same sample but on the irradiated spot dose not show any such asymmetry. This indicates that this asymmetry is directly related to the strain present in the layer. The effect is reduced due to the decrease in strain in the vicinity of the irradiated portion. Such asymmetric scans are observed in highly strained Si x Ge 1-x /Ge multi layers [11] . Here the layers are very thin (mono layers) when compared to the channeling wave length of the probing beam. These asymmetric angular scans are analyzed using Monte-Carlo simulations. The atomic rows of the tilted (strained) layers look like interstitial impurities. The strain values obtained from the angular misalignments using the simple formula given in this paper are not valid in such case. These results suggest that the present scans are also to be analyzed using Monte-Carlo simulations. This asymmetry is a good tool to diagnose the exact value of stain. This will improve the resolution of the measurement. Moreover the capability of the technique can be enhanced using the large solid angle position telescopic detectors in ERDA mode. Such studies will be taken up as a continuation of this work.
